Introduction
Today's insurance industry strongly emphasizes developing cost-effective hazard mitigation programs, increasing and retaining commercial and residential customers through better service, educating customers on their exposure and vulnerabilities to natural disasters, collaborating with government agencies and emergency management organizations, and exploring the use of new technologies to reduce the financial impact of disasters.
According to William J. Poutsiaka, President and Chief Executive Officer of Arkwright Mutual Insurance Company, "We know enough about the risks, however, to aggressively promote programs that prevent, mitigate, and control losses caused by natural disasters. This is the time to invest resources in prudent risk avoidance, to protect ourselves and our economy against the whims of Mother Nature-today, tomorrow, and for years to come. At the very least, improvements in early-warning systems, strategic planning, and disaster response are pragmatic measures that can be pursued by business and industry working closely together with communities and government."
In June of 1998, the National Renewable Energy Laboratory (NREL) and the National Association of Independent Insurers (NAII) sponsored a seminar titled, "Solar Technology and the Insurance Industry." Presentations were made by insurance company representatives, insurance trade groups, government and state emergency management organizations, and technology specialists.
The meeting was attended by insurers, brokers, emergency managers, and consultants from more than 25 U.S. companies. Leading insurers from the personal line and commercial carriers were shown how solar technology can be used in underwriting, claims, catastrophe response, loss control, and risk management. Attendees requested a follow-up report on solar technology, cost, and applications in disasters, including suggestions on how to collaborate with the utility industry and how to develop educational programs for business and consumers. This report will address the above issues, with a emphasis on pre-disaster planning and mitigation alternatives. It will also discuss how energy efficiency and renewable technologies can contribute to reducing insurance losses.
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The Problem with Disasters     They Really Happen
Catastrophes are now part of everyday life. They impact every region of the United States, are increasing in terms of frequency and severity, and result in significant property damage and economic losses. Fifty percent of all property losses over the last 40 years have occurred since 1990, and 21 of the 24 largest insured weather-related disasters have also occurred in the last decade.
Over the five years from 1986 to 1991, major disasters cost the federal government $3.3 billion in aid to individuals and local governments. During the next five years (1991 to 1996), federal aid quadrupled to more than $13 billion.
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As massive as this federal assistance sounds, it represents only part of the losses; the insurance sector picked up billions more in payments to both individuals and commercial enterprises. The insurance industry has become the hardest hit of all commercial sectors by disasters. According to the Property Claims Service, insurers have paid over $89 billion in catastrophe losses between 1989 and 1998.
The total 1993 value of all commercial structures in the United States was $11 trillion, representing a 65% increase over 1988. According to the Insurance Institute for Property Loss Reduction (now the Institute for Business and Home Safety), insured coastal values increased 69% during this time, from $1.86 trillion in 1988 to $3.15 trillion in 1993, or about 15% of the total for all of the United States in counties within 50 miles of the coast. During this time period, the value of residential exposures increased 75%, while commercial exposures increased 63%.
As people continue to gravitate to the coast to settle, the property values of homes and commercial structures will also grow, steadily increasing the insurance industry's exposure to natural disasters. Florida and New York have the largest exposures, with the 1993 Florida figure of $871.7 billion expecting to increase to over $1 trillion. New York's coastal exposure doubled from $301.7 billion in 1988 to $595.6 billion in 1993. Long Island's exposure alone exceeds $550 billion.
A recent study led by the U.S. Army Corps of Engineers determined the vulnerability of New York City's transportation system to hurricanes. The analysis indicated that if a Category 3 storm, like the one that struck Long Island in 1941, were to strike Manhattan today, water surging through the streets would flood all subway and rail stations, all tunnels, and leave "slosh" marks as high as 30 feet on the World Trade Center.
Hurricane Andrew in 1992, the most destructive natural disaster in U.S. history, resulted in a total economic loss of $25 billion, of which insurance companies covered some 680,000 claims exceeding $16 billion. If Andrew had struck just 15 miles further inland, the insured losses might have reached an estimated $65 billion. And there is no end in sight to the onslaught of hurricanes, tornadoes, wind storms, ice storms, fires, and floods. In the first three quarters of 1998 alone, there have been 36 insurance catastrophes 3 with losses exceeding $6 billiontwice the total 1997 figure of $3.1 billion.
Thousands of people are trying to resume their lives in the aftermath of Hurricane Georges. More than 685,000 claims are expected to be filed from policyholders. The total insured loss is estimated to be $1.7 billion in Puerto Rico alone, according to the Insurance Services Office Property Claim Service. Additionally, the hurricane caused widespread damage to the U. Fault. The fault is named after a small town in southeastern Missouri that was devastated in 1811-12 during the worst series of earthquakes this country has ever experienced. Registering up to 8.7 on the Richter scale, these quakes affected up to 600,000 square miles. 5 Today, a quake of similar magnitude would affect more than a quarter of the U.S. population, with estimated property losses of $500 billion or more. According to many geologists and emergency management experts, New Madrid "is a time bomb waiting to happen." 6 It is obvious that no single industry sector can afford to absorb losses of this magnitude. Although insurers are taking proactive steps to reduce further losses, it is obvious that full 3 A catastrophe is defined as an event that causes $25 million or more in insured property losses and affects a significant number of property and casualty policyholders and insurers. 4 The first syllable is pronounced "mad."
4 recovery from catastrophes such as these will require a partnership of private and public sectors to plan for and respond to disaster situations.
Power Outages     Roadblocks to Recovery
It seems that only when disaster strikes do we realize the extent to which we rely on electrical power. Cooking, refrigeration, furnace operation, the pumping of gasoline, and even the recharging of laptop computers and cellular phones all require electricity. It is almost axiomatic that when a serious disaster strikes, local utility power disappears at least temporarily.
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Because of our highly centralized society, even small disasters have the potential to affect large regions. On July 2, 1996, a sagging utility line in Oregon triggered a fire in a nearby pine tree. The fire in turn burned a utility pole, which disrupted local service and touched off a chain reaction, creating power outages that eventually affected two million people in 14 western states and part of Canada. Six weeks later, on August 10, another sagging utility line disrupted power to six million people in ten states. About 5,000 traffic signals were damaged, some 21,100 utility poles were downed, and 26,158 street lights were blown out. Several hundred thousand people lost their homes.
Water and wastewater utilities were also hit hard, as felled trees broke water mains and distribution lines and as power outages disabled pumps. FP&L customers in the northern part of Dade County (Miami area) had electricity again within two weeks, but power in the devastated southern section was out for at least a monthin some cases, much longer.
Most homeowners relied on portable gasoline-powered generators to keep their refrigerators running and perhaps to operate a light and a small fan for a few hours each night. A "boil water" advisory was in effect, but only those with gas grills and enough fuel could comply. Most people were forced to rely on imported water.
The Northridge Earthquake provides yet another example of the importance of power. Shaking Southern California on January 17, 1994, the earthquake caused widespread power outages throughout the area and beyond, though most of them were not prolonged. The entire Los Angeles Department of Water and Power (LADWP) utility system went down, leaving 1.3 million customers without electricity. Working around the clock, LADWP restored power to half of the customers within six hours, and 95 percent of their customers had power again within 24 hours.
5
Another utility, Southern California Edison, lost 1.1 million of its 4.2 million customers, but had power restored to 800,000 of them within a few hours. Almost all Edison customers regained electricity within a few days.
Despite the utilities' dedicated efforts to restore power, close to 100,000 homes and businesses were without electricity for more than 24 hours. Natural gas leaks kept power from being restored in many of the affected areas. Power was available but could not be turned on for fear that sparks would touch off fires. About 100 gas-related fires did erupt, a number of which involved premature restoration of electric power. Any source of electricity would pose similar risks, so even renewable back-up systems would have to be shut down in areas without power due to gas leaks.
Portable Gasoline Generators     Accidents Waiting to Happen
Portable generators are commonly used following disasters to provide electricity to both businesses and residences. About 95% of these generators are powered by gasoline, with most of the remainder using propane. Although gasoline-powered generators can provide power, they are not without their safety problems. Local newspapers are often filled with post-disaster accounts of burns, fuel explosions, and asphyxiations associated with homeowner use of small generators. Local responders also complain that the noise from gasoline or diesel generators is annoying and adds to the trauma of already fragile victims.
The following quote, from a report from the Strom Thurmond Institute, describes the application of generators after Hurricane Hugo in 1989: "Emergency generators are the most important pieces of equipment used during the restoration process, but careful planning is needed to ensure their availability and safe operation. All sizes of generators proved invaluable for maintaining health, safety, and security operations. Especially in rural communities, the value of portable sources of power to operate small retail facilities to provide milk, ice, food, gasoline, and the like cannot be overestimated."
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The insurance industry does not track the statistics on the use of portable generators after disasters or on the accidents resulting from them. Generators are usually provided by insurers under the Additional Living Expense portion of a typical homeowners policy. About 85%-90% of insureds are eligible for generators under homeowner policies.
Business Interruption Losses     A Double Whammy
Power outages often have a catastrophic effect on business. In February of 1998, a power failure occurred in Auckland, New Zealand, when four underground cables from a nearby hydroelectric plant failed due to searing heat and overload; nearly 2,000 businesses were affected in downtown Auckland. At the time of the report, power had already been out for 13 days. Some businesses were expected to be without power for five to ten weeks. Merchants estimated that they were losing $60 million a week as a result. Some faced bankruptcy. Business owners were being urged to sue their insurers, the local utility, and the City of Auckland.
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The April 1997 floods in North Dakota resulted in $1 billion in business property and inventory lossesabout 6% of the state's annual gross product. The floods highlighted a major problem: small businesses are often under-insured, or even uninsured, and many do not recover following a major disaster. In this case, fewer than 10% of the damaged properties were insured. Business equity was reduced by more than $400 million. As of May 1998, 150 businesses had not reopened; those that did reopen reported substantially higher levels of debt.
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Power outages impact large and small businesses alike. According to a 1998 survey of 500 small business owners, which was sponsored by Allied Signal Power Systems Inc., small businesses reported an average of three power outages during the past year, costing each business about $7,500 per day on average.
"Because today's businesses are increasingly reliant on electronic equipment, the importance of reliable electric power is essential," says Tony Prophet, President and CEO of Allied Signal Power Systems. "But it is difficult to quantify the effect of a power outage. While businesses can calculate the average loss for such things as spoiled food, perishables, or lost sales, it isn't always easy to assign a dollar value to the intangibles-items like lost productivity, lost customers, and lost computer data."
According to the survey's results, uninterrupted, reasonably priced power was "very important" to 93% of the respondents. Of those surveyed, 80% attributed power outages to storms and lightning, whereas more than 50% blamed at least one of their power outages on problems at their power company.
Problems are compounded when outages follow a disaster. Businesses vital to recovery, such as service stations, hardware stores, grocery stores, and banks, often find themselves without power.
Gasoline cannot be pumped from underground tanks without electricity, so both public and private transportation is severely affected. Not only are rescue operations hindered, but workers cannot get to their jobs, further slowing economic recovery.
Larger companies are also highly dependent on electrical power for continued operation. In the aftermath of the Northridge earthquake, many companies were forced to relocate to other cities, or even out-of-state, taking valuable jobs, revenues, and property taxes with them. Communities face the "double whammy" of trying to rebuild while holding on to their economic base.
Solar Energy     Contributing to the Solution
Renewables are viable, affordable and safe energy-generating technologies that can increase resilience and can help to respond and recover from disasters. Electricity from wind and 7 photovoltaic (PV) cells can power communications, water purification, refrigeration, water pumping, medical equipment, and lighting. PV can be used to replace portable diesel and gasoline generators, power mobile catastrophe offices for insurers, and reduce reliance on fuel sources that can be expensive and scarce following a major disaster. Solar heating systems can also provide two other precious commodities: space heating for buildings and hot water for medical clinics and industrial processes.
Technologies such as PV and solar hot water only achieve their maximum effectiveness in buildings when combined with energy-efficiency measures. Energy-efficient buildings and appliances reduce the need for utility power. Daylighting not only improves the living environment, it also reduces the lighting load. When energy efficiency, passive solar, and daylighting are combined with solar systems to generate electricity and hot water, partial or even full operation can be maintained when traditional utility services disappear.
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The costs of solar systems have decreased dramatically in the past few years. Passive solar features, such as daylighting and energy-efficient lighting and appliances, can often be installed in a new building or retrofitted into an existing building at little or no extra cost. Solar hot-water systems are cost-effective in many areas of the United States, especially if added during new construction.
PV-generated energy, costing from 20 to 40 cents per kilowatt-hour, seems expensive at first when compared with the local utility. But what is the value of electricity during an emergency? The costs of PV compare favorably to those associated with operating and maintaining portable fossil-fueled generators, especially if the transportation of diesel fuel or gasoline is considered. When used for remote applications, such as weather stations, communication systems, and early warning devices, PV is often the least expensive option and far more reliable than the grid.
14,15,16

Prevention     Heading Disasters Off at the Pass
Photovoltaics has proven itself through the years as a reliable and cost-effective source of power for remote applications. These attributes make it ideal to supply power for weather stations, airquality monitors, emergency communications, traffic control and evacuation operations, and early-warning systems of all types (Figures 1 and 2) . 
"Green Buildings and Solar Energy"     A Better Chance of Survival
More than 80 percent of the structures destroyed during Hurricane Andrew were not built to established building codes. If building inspectors had enforced existing codes, property loss would have been substantially reduced. Furthermore, by taking advantage of the inherent strength of buildings incorporating energy efficiency and passive solaras well as properly installed solar hot water and electric generating systemsdisaster resistance could have been increased even further, resulting in lower property loss.
power for emergency communications as a condition for obtaining insurance. Well-designed, energy-efficient buildings help maintain the quality of life during normal times. Natural daylight and proper air exchange have been shown to have many beneficial effects, including reducing diseases such as the common cold. Energy-efficient buildings also protect their inhabitants from temperature extremes, providing not only a safer environment, but also reducing their dependence on utility services.
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Solar hot-water systems and photovoltaic modules are designed to withstand severe environments. PV modules are designed to withstand one-inch-diameter ice balls moving at 23 meters per second (52 miles per hour).
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For maximum survivability, however, solar systems must be attached properly to underlying roof structures using simple but effective techniques that have proven themselves through the years. An excellent example of the survivability of both PV and solar hot-water systems is provided by the Harmony Resort on the island of St. John in the U.S.Virgin Islands. The resort, designed on sustainable principles, is constructed entirely of recycled materials and uses both solar electric (PV) and solar hotwater systems (Figure 3 ). 22 One of the authors can personally testify that his solar hot-water system survived two-inch, egg-sized hail unharmed, while all the cedar shakes on his roof were destroyed during a summer hailstorm.
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Day weekend of 1996.
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PV does not have to be mounted on buildings to be survivable. During Hurricane Andrew, several suburbs of Miami were ravaged and left without any utility power. Yet, PV-powered streetlights in these suburbs not only survived, but were the only lights left operating for several weeks (Figure 4 ).
Mona Island, a wildlife refuge located 80 km (50 miles) west of the main island of Puerto Rico, has seven PV systems that replace noisy diesel and gasoline-powered generators.
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NREL staff checked out five of the systems immediately following Hurricane Georges in September 1998. Four of these systems survived without harm. In the immediate area surrounding one of the unharmed systems, all of the trees had been uprooted or blown away. The fifth PV installation suffered some damage from improper stowing, and also, because a waterspout reportedly hovered directly over the roof on which the system was mounted! An important lesson is provided by one of the PV installations that survived unharmed, but was rendered inoperable because the power line that connected the system to its load was destroyed. Because power lines are very vulnerable to natural disasters, PV is most effective when used as close as possible to the load. 
Aftermath     Power from the Sun
Electricity is crucial to nearly every aspect of rescue operations, e.g., security, communications, medical services, pumping of fuel, and water purification. PV's well-known characteristics of mobility, ruggedness, reliability and grid-independence, which make it so useful in other situations, are even more valuable after a disaster (Figures 5 and 6 ).
As far as is known, the first deliberate use of PV as a emergency management tool was during Hurricane Hugo in 1989. A Florida distributor, 12 Volt Catalog, assembled and distributed systems to disaster shelters, medical clinics, and emergency management offices. Three years later, when Hurricane Andrew struck Miami suburbs in 1992, the Photovoltaic Design Assistance Center at Sandia National Laboratories provided funding for staff of the Florida Solar Energy Center (FSEC) to use PV to power a medical clinic and other applications.
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Since then, PV has been used in a wide variety of emergency management situations. Several companies now make trailer-mounted, PV-powered generator sets ("gensets") up to about two kilowatts. The energy from PV systems, which can either be pulled by a vehicle or airlifted, can be used immediately or stored in batteries for later use. Some of the gensets even carry a backup propane generator for use in prolonged cloudy weather. A wide variety of PV-powered lights, portable communication systems, and compact, lightweight power supplies capable of recharging the batteries of a laptop computer or cellular phone and other equipment are commercially available.
Solar Technologies     Added Value to Consumer and Insurer Alike
Solar technologies and energy-efficient buildings are not just for use during emergencies. They contribute steadily throughout the year, bringing extra value to their owners. They save money, reduce dependence on fossil fuels, and improve air quality. Although the extent of the medical benefits of living in daylighted homes with proper air circulation are still being argued, they do exist and result in a healthier population. PV gensets, traffic control units, mobile communication trailers, and other equipment can all be used to support tourism and community functions. The integration of larger-scale PV into utility systems has also been shown to increase reliability.
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Next Steps
The most effective response to reducing the impact and cost of natural disasters in the future is to develop a partnership among insurance companies, utilities, state and federal agencies, DOE's national laboratories, and the renewable industry to encourage the use of PV and other renewables. Energy efficiency and passive solar should be encouraged as ways to increase building resilience and to decrease energy dependence.
The problem is not an impossible one. All of the prospective partners already have some experience with renewables. Insurance companies like Allstate and Travelers P&C are leading the industry in the technological evolution.
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Allstate is the first insurer to dispatch claims over the Internet through its catastrophe (CAT) vans. Adjusters communicating to their CAT center in Chicago from the 37-foot CAT van recently settled more than 2,000 claims resulting from the Spring 1998 Florida forest fires.
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Travelers is developing client/server applications for its mobile unit to offer complete remote office-solutions and workflows through wireless and analog connection. Adjusters serviced claims for Atlanta and Nashville following recent tornadoes and for Florida fires using this mobile capability. 13 generators, these companies could provide their customers with safe, reliable, electrical generation systems to power lights, communications, fans, and other critical systems following a disaster. A residential PV system consisting of a rechargeable battery, lights, and a radiowith a detachable PV-mounted module and costing under $500would allow residents to stay safely in their homes. Vandalism would be reduced because residents and owners would be able to look after their own property.
Uninterruptible power supplies (UPS) are used in commercial buildings to protect critical applications such as computer networks and security systems in the event of a power failure. Roof-mounted PV systems can often augment existing UPS systems to power specific equipment. State-of-the-art PV systems can be expected to have lifetimes of 20 to 30 years, often making them economically viable alternatives.
The world's largest insurance company, Swiss Reinsurance Company (Swiss Re), recently invested $2.75 million in SunLight Power International Holdings, a small company that intends to install one million PV systems in five countries during its first seven years. Swiss Re's investment followed closely on a similar $2 million commitment by the European giant, Gerling Insurance Group.
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Utilities are also becoming aware of the potential of renewables. The Sacramento Municipal Utility District has one of best-known programs for installing PV on residences and other buildings. But other utilities are following closely behind with similar "green buying" programs. Many utilities are planning ahead to determine the most effective way to deal with the aftermath of a disaster. Direct Global Power, Inc., has proposed a program called RESTART (Reconstructive Solar Technology and Relief Task Force) to develop specific PV products to furnish the energy needs of residents and businesses following disasters. The company is working with insurers and utilities not only to design dual-use photovoltaic products that will furnish electricity to the utility system during normal conditions, but to have them pre-deployed in utility service areas throughout the United States as potential emergency response systems before disasters occur.
The Federal Emergency Management Agency (FEMA) and many state and local emergency response units have deployed PV systems in a small way. These agencies are open to using renewables, but only if renewables fit into established emergency plans and if their staffs are well-trained in the use of renewables.
There have been several attempts by FSEC, the North Carolina Solar Center, and NREL to volunteer the use of PV during disasters. These efforts have met with limited success due to the last-minute nature of the attempts. Experience has shown that the only way PV and other renewables will be used is if users are well-acquainted with the technologies and know how to apply them before the disaster occurs, and if they are included in transportation planning.
One finding of FSEC surveys and workshops with emergency managers is that there is a substantial lack of knowledge about the application of solar technology in times of disaster. Consumers are also unaware of the benefits of solar technology. Knowledge of these benefits may be brought into the mainstream by using the technical resources of DOE and utilities and the consumer distribution network of the insurance industry, which consists of both consumers and businesses.
Insurers at the June 22 meeting expressed interest in collaborating with NREL and utilities to develop educational programs for consumers and small businesses on the use, costs, and applications of solar technology in disaster mitigation and response. Insurers suggested that both printed and video products be developed and distributed. Solar technologies are new to the public, and a definite need exists to reach out to a broad consumer base. The acceptance of solar technology by the general public is important to insurers, because these people are their customers. Insurers could serve as one distribution channel in reaching their policyholders, informing them of this new emergency generator option in the event of a power disruption.
Field experience has also shown that better pre-disaster coordination needs to occur between insurers and emergency response organizations. Efforts that should reinforce each other often become roadblocks. NREL staff members have learned that the only way to achieve a smooth response is to work out the details beforehand. Once emergency operations have started, time for education and planning is simply not available.
As mentioned previously, the renewables industry is anxious to help. Improved PV products appear continuously. As these products are deployed, feedback will be needed from the emergency response sector to further improve these products.
The national laboratories are already involved with FEMA to transfer promising technologies from the laboratories to industry, the federal sector, and state organizations.
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DOE's Federal Energy Management Program (FEMP) and the Atlanta Regional Support Office (ASO) recently joined together to provide FEMA with solar gensets for training and for actual use during emergencies. These units are now being distributed to several FEMA regions. NREL staff are providing training to FEMA staff members; these efforts are aimed at avoiding past deployment problems during disasters. Even with these efforts, substantial resources within the national laboratories remain to be tapped. 31 The insurance industry has expressed interest in several areas that need to be addressed. These areas include the public acceptance of PV systems, the willingness of the public utilities and government to form an effective partnership, methods for public outreach, and improved methodology for determining the value of PV to disaster prevention, response, and recovery. A 30 The FEMA committee is known as the "Emergency Management Technology Steering Group." ASO's director, Jim Powell, and one of the authors (John Thornton) are members of this committee. 31 
